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Abstract 
In this paper, we analyze the long-run effects of various factor biased technical 
changes that reflect the enhanced newly technologies on wage inequality in a 
three-factor, capital-skill complementarity production technology. We show that the 
main results mainly depend on the relat ive influences of skill-biased or capital-biased 
technology. In case where the influence of skill -biased technical change relatively 
dominates, for example, wage inequality can occur with some relevant capital -skill 
complementarity. However, in case where the influence of an induced capital-biased 
technical change relatively dominates, skilled wages are stagnate and therefore wage 
inequality can be mitigated with some relevant capital -skill complementarity. 
Moreover, when the endogenous capital mobility tha t reflects the globalization in 
capital market can occur, our main results are likely to be reinforced. The implications 
of endogenous induced innovation on wage inequality in a three factor case are also 
investigated.  
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1. Introduction 
In this paper, we analyze the long-run effects of various factor biased technical 
changes that reflect the enhanced newly technologies on wage inequality in a 
three-factor, capital-skill complementarity production technology.  
The skill-biased technical progress in a two-factor case has been widely used and 
estimated as a standard framework to analyze wage equality in long-run competitive 
economy (Acemoglu (2002), Hornstein et al. (2005)). On this biased two-factor 
framework, the large substitutability between skilled and unskilled labor implying the 
elasticity of substitution between them larger than one plays a significant role for the 
effect on wage inequality. However, in view of recent estimation, it is worth noting 
two modification to be incorporated in this biased technology in two-factor framework. 
The first is other type of factor-biased technical changes, particularly capital-biased 
technology. The second is in three-factor framework that takes into account 
capital-skill complementarity production technology.  
The capital-biased technical progress, particularly the capital biased technology that 
behaves as if decreases the capital efficiency has been estimated (Sato and 
Ramachandran (2014), Raval (2015), Alvarez-Cuadrado et al. (2015)). Although it 
seems this is rather odd case, the continuing decrease in the capital price produced by 
the newly advanced computerization and Information and Communication technology 
implies this kind of technology (Grossman et al. (2016)). The implication for such a 
capital-biased technology is that this biased technology has the possibility of reducing 
the total factor productivity, thereby producing not only the wage stagnation but also 
the stagnation of macroeconomy, although the influence of this capital-biased 
technology on wage inequality is ambiguous.  
On the other hand, the effect on wage inequality in three-factor, capital-skill 
complementarity production technology implying the complementarity between capital 
and skilled labor larger than that between capital  and unskilled labor has been widely 
estimated (Krusell et al. (2000), Hornstein et al. (2005)).
1
 The newly advanced 
computer, Artificial Intelligence and ICT also create the capital-skill complementarity 
that can provide the wage inequality in the process of capital accumulation. However, 
the consequences of biased technologies on wage inequality in such a three-factor, 
capital-skill complementarity production technology are unclear. 
Based on the long-run competitive model that reflects the various types of biased 
                                                     
1
 For a pioneer research, see Griliches (1969). 
3 
 
technologies in a three-factor with two-level CES production function
2
  presenting 
capital-skill complementarity production technology, we analyze what types of biased 
technology such as skill-biased technology and capital-biased technology can have the 
influence on wage inequality. Incorporating the simple induced innovation frontier a la 
Kennedy (1964) and Drandakis and Phelps (1966) type into the biased technology 
model, our results mainly depend on the relative influences of skill-biased or 
capital-biased technology. In case where the influence of skill -biased technical change 
relatively dominates, for example, wage inequality can occur with some empirically 
relevant capital-skill complementarity. Therefore, this result is not provided in two 
factor case and in a CES type production technology.  However, in case where the 
influence of an induced capital-biased technical change relatively dominates, skilled 
wages are stagnate and therefore wage inequal ity can be mitigated with some relevant 
capital-skill complementarity because their marginal products of labor are likely to 
decrease. 
Furthermore, we investigate the effect of the endogenous capital mobility reflecting 
globalization in capital market on the consequence of these wage inequality. Because 
the globalization is one of the main factors that play significant roles for wage 
inequality (Bliss (2007), Autor (2014), Bourguignon (2015)). In our model, when the 
endogenous capital mobility that reflects  the globalization in capital market can occur, 
our main results are likely to be reinforced. In addition, using the induced innovation 
approach a la Kennedy (1964) and Drandakis and Phelps (1966) type,
 3
 we show that 
these biased technologies are likely to endogenously occur with capital-skill 
complementarity production technology, and therefore that the wage inequality and 
wage stagnation likely to occur in such a production technology. 
The structure of the paper is as follows. Section 2 presents the basic model. Section 3 
analyzes the effects of biased technologies on wage inequality in deregulations in both 
the short- and long-run general equilibrium. Section 4 examines the influence of capital 
mobility on wage inequality. Section 5 discusses the implication of induced innovation 
and Section 6 concludes.  
 
 
2. Basic Model: Three factor model 
Production function 
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We consider a three-factor weakly separable sub-aggregate production function where Y 
is the output, L1 is skilled labor, L2 is unskilled labor, and K is the capital stock and λ is 
technological progress in the general form. 
     Y = F (L1, L2, K; λ)                                          (1) 
We assume that production function is twice differentiable and homogenous of degree 
one. As to the production function, we later specify, for convenience, a nested two-level 
CES production functionhaving two elasticity parameters, the elasticity of substitution 
between capital and skilled labor σ1 and the elasticity of substitution between capital and 
unskilled labor σ2.  
Y = F (L1, L2, K) 
= [[δ2{δ1L1
( 1 – σ1)/σ1
+ (1 – δ1)K}
 (1 – σ1)/σ1
]
(1 – σ2)σ1/(1 – σ1)σ2 
+ (1 – δ2)L2
(1 – σ2)/σ2]σ2/(1 – σ2)  (2) 
In this specification, σ2 > σ1 gives a capital-skill complementarity technology
4
 that has 
been widely estimated (Krusell et al. (2000), Hornstein et al. (2005)) and we deal this 
with ongoing new technical progress. In particular, we later focus on wage inequality in 
empirically relevant capital-skill complementarity σ2 > 1 > σ1.
 5
 
We consider the long-run economy where and the skilled wage w1 and the unskilled 
wage w2 are competitively determined as their own marginal products. We first 
examine the case that all factor endowments are given. We later investigate the capital 
mobility case. On this setting, the wage rates are given by wi = Fi (L1, L2, K; λ)（i = 1, 2）
respectively. Then, denoting wage inequality as the skilled wage unskilled wage ratio, in the 
case that all factors are constant, the effect of technological progress on wage inequality in the 
elasticity form is described as follows: 
     [λ/(w1/w2)][d(w1/w2)/dλ] = F1λλ/F1 – F2λλ/F2. (3) 
 
Factor-biased technology  
We assume technical progress takes the form of factor biased technology that 
                                                     
4
 Defining cij ≡ FijF /FiFj a partial elasticity of complementarity between i and j, capital-skill 
complementarity is indicated as an inequality that the elasticity of complementarity between 
capital and skilled labor is larger than that between capital and unskilled labor c1K ( = f1Kf 
/f1fK ) > c2K ( = f2Kf /f2fK ). In our two-level CES production technology, σ2 > σ1 implies c1K > 
c2K since c1K  – c2K = (σ1
–1 – σ2
–1
)/(1 – f2L2/f). Thus, σ2 > σ1 implies capital-skill 
complementarity. Note that in our three-factor case also the elasticity of substitution is not 
always equal to the inverse of elasticity of complementarity. Specifically, c1K = (σ1
–1 – σ2
–
1
)/(1 – f2L2/f) + σ2
 –1
 ≠ σ1
–1
 although c2K = σ2
 –1
. 
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represents as follows: 
Y = F (L1, L2, K; λ) = f (Λ(λ)L1, Φ(λ)L2, Ψ(λ)K),                         (4) 
where Λ(λ) represents skill-augmenting technology, Φ(λ) unskilled-augmenting technology, and 
Ψ(λ) capital-augmenting technology.  
To analyze the effect on wage inequality, one characterization of technical progress 
Fiλλ/Fi evaluated with factor biased technical change is needed. From the homogenous degree 
one of the production function (Y = f1ΛL1 + f2ΦL2 + fKΨK), we have the following that represents 
the total factor productivity 
      Fλλ/F = ξa + φb + ψc, (5) 
where ξ ( ≡ Λ' λ/Λ), φ ( ≡ Φ' λ/Φ), and ψ ( ≡ Ψ' λ/Ψ) denote the elasticities of each factor 
augmenting technology with respect to λ that reflect the degree of each factor biased 
technical change. Here, a ( ≡ f1ΛL1/f), b (≡ f2ΦL2/f), and c ( ≡ fKΨK/f) are skilled labor 
share, unskilled labor share and capital share, respectively , and a + b + c = 1. 
Furthermore, from the homogenous degree zero of marginal product of each factor (0 = 
fi1ΛL1/fi  + fi2ΦL2 /fi  + fiKΨK/fi = aci1 + bci2 + c ciK , i = 1, 2, K), we obtain the followings that 
contain F1λλ/F1 and F2λλ/F2 which can provide the effects on wage inequality 
     F1λλ/F1 = ξ + ξac11 + φbc12 + ψc c1K ,                              (6a) 
     F2λλ/F2 = φ + ξac21  + φbc22  + ψc c2K ,                          (6b) 
     FKλλ/FK = ψ + ξacK1  + φbcK2  + ψc cKK                                  (6c) 
Here, cij  (≡ fijf /fifj ) denotes a partial elasticity of complementarity evaluated with efficiency unit 
(i, j = ΛL1, ΦL2 , ΨK).
 
 
The elements of factor biased technologies ξ, φ and ψ are not independent of each other when 
these are given by the following innovation possibility frontier along Kennedy, Drandakis and 
Phelps type.  
      g(α, γ, β) = 0, gi > 0, gii < 0, i = α, γ, β (7) 
where α is a rate of skilled augmenting technical change such that Λ = (1+α) Λ0, γ is a 
rate of unskilled augmenting technical change, and β is a rate of capital augmenting 
technical change. Particularly, there is an inverse relationship between β and α, and 
thus the skill-biased technology can have a trade-off relationship with the 
capital-biased technology if the innovation possibility frontier as well as the following 
assumptions are given. Namely, the assumptions are that α is an increase function of λ 
(α = α (λ)), and γ is simply an increase function of α and its sensitivity is less than one 
γ αα/γ ∊ [0,1). Indeed, since rewriting g with these assumptions yields an inverse 
relationship between β and α, 
     β = β (α (λ)),  βα < 0,                                    (8) 
the elasticities of each factor biased technology become functions of λ, and thereby ξ 
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has an inverse relation with ψ, 
    ξ = {α/(1 + α)} α’λ/α > 0,                                 (9) 
     ψ = {– 1/(gββ/g)}[gαα/g + (gγγ/g)(γαα/γ)]α’λ/α < 0.
 6 
(10) 
We later show the sign of ξa + ψc implying the degree of relative magnitude of 
skill-biased or capital-biased technology plays significant role for the effect on wage 
inequality.  
 
Wage inequality  
Substituting equations 0 = aci1 + bci2 + c ciK  into equations (6a) and (6b) and rearranging, 
the effect of technical change on wage inequality in the elasticity form is given by  
[λ/(w1/w2)][d(w1/w2)/dλ] = F1λλ/F1 – F2λλ/F2. 
              = ξ – φ – (ξ– φ)(1 – c)c12 – (ξ– ψ)c c1K – (ψ – φ)c c2K .         (11) 
From this, we immediately have the following proposition. 
 
Proposition 1. In the long-run competitive economy where each factor supply is 
constant, the non-biased technical change (ξ = φ = ψ) cannot produce wage inequality. 
 
Note that we obtain similar result if the production function is of Cobb-Douglas form 
c12 = c1K = c2K =1. However, the biased technical change provides an ambiguous outcome 
even in our simple model. This is due to not only the factor-biased technology but also 
the three-factor framework. Indeed, if the framework is reduced to the two factor case, 
the condition of wage inequality becomes (ξ – φ)( σ – 1) > 0 which implies the elasticity of 
substitution between skilled and unskilled labor larger than one. Similar outcome is provided if 
the production function is specified by one CES type c12 = c1K = c2K = σ 
– 1 
> 0. However, in the 
three factor framework, even if the skill-biased technology case solely occurs (φ = ψ = 0), the 
condition that produces wage inequality is 1 – (1 – c) c12 – c c1K > 0 that remains to be 
ambiguous. Although our nested two-level CES production is still specific implying c2K = 
c12,
 7
 we can illustrate the capital-skill complementarity in two kinds of elasticity 
parameters σ1 
– 1 – σ2 
– 1
. Using this, the next section explores the consequences of wage 
                                                     
6
 Also, we have φ = {γ/(1 + γ)} (γαα/γ) α’λ/α > 0. 
7
 In our specified three-factor case, since Y = F [H (ΛL1, ΨK), ΦL2] implying c2K = c12, the 
condition of wage inequality becomes ξ – φ – (ξ – ψ) c c1K
 – {ξ (1 – c) – φ + ψc} c2K > 0. Note 
that this inequality implies the right hand side in equation (16) positive. In other three-factor 
case, for instance, if the production function is of form Y = F [G (ΛL1, ΦL2), ΨK] implying c1K 
= c2K, the condition is then (ξ – φ){1 – (1 – c)c12 – c cLK } > 0 where c12 is the elasticity of 
complementarity between skilled and unskilled labor, and cLK is the elasticity of 
complementarity between aggregate labor G and capital. 
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inequality.  
 
3. Biased technical changes and wage inequality: capital-skill 
complementarity case 
Our nested two-level CES production technology can illustrate the conditions of wage 
inequality in two kinds of elasticity parameters σ1 
– 1 – σ2 
– 1
. Based on our specified 
three-factor production function, the effects of technical progress on the marginal 
products of each factor represented by equations (6a), (6b) and (6c) are modified into 
    F1λλ/F1 = ξ – (ξ – ψ) c (1 – b) 
– 1
 σ1 
– 1 – {ξa – φ(1 – b) + ψc}b(1 – b) – 1 σ2 
– 1
,   (12a) 
    F2λλ/F2 = φ + {ξa – φ(1 – b) + ψc}
 σ2 
– 1
,                                   (12b) 
    FKλλ/FK = ψ – (ξ – ψ) a (1 – b) 
– 1
 σ1 
– 1 – {ξa – φ(1 – b) + ψc}b(1 – b) – 1 σ2 
– 1
.     (12c) 
Accordingly, from equations (12a) and (12b), we obtain the effect of technical change 
on wage inequality in the elasticity form as follows: 
    [λ/(w1/w2)][d(w1/w2)/dλ] = F1λλ/F1 – F2λλ/F2 
    = ξ – φ – (ξ – ψ) c (1 – b) – 1 σ1 
– 1 – {ξa – φ(1 – b) + ψc}(1 – b) – 1 σ2 
– 1
   (13) 
To simplify the analysis, we investigate the case that unskilled-biased technical change 
is null (φ = 0) since this assumption is not implausible. Then, from equations 
(12a),(12b) and (13), depending on whether the skill-biased or the capital-biased 
technology relatively dominates (ξa + ψc ⋛ 0), we have the following proposition 2. 
 
Proposition 2. In the long-run competitive economy where each factor supply is 
constant, with the weak separable three-factor production function (2), the following statement 
holds.  
1. In case where the influence of skill-biased technical change is larger than that of 
capital-biased technical change (ξa + ψc > 0), the technical change can lead to widening 
wage inequality in the sense that skilled wages increase more than unskilled wages if  
    ξ (1 – b) – (ξ – ψ) c σ1 
– 1 – (ξa + ψc) σ2 
– 1
 > 0.                            (14) 
 
2. In case where the influence of capital-biased technical change is larger than that of 
skill-biased technical change (ξa + ψc < 0), the technical change can lead to widening wage 
inequality in the sense that skilled wages increase but unskilled wages decrease if  
    ξ (1 – b) – (ξ – ψ) c σ1 
– 1 – (ξa + ψc) b σ2 
– 1 
> 0.     (15) 
 
3. In case where the influence of skill-biased technical change is equivalent to that of 
capital-biased technical change (ξa + ψc = 0), the technical change can lead to widening 
wage inequality in the sense that skilled wages increase but unskilled wages do not change if 
8 
 
     σ1 > 1.                                                         (16) 
 
 
               Figure 1a ξa + ψc > 0 (Ex/Ey ≡ (y/x)(dx/dy)) 
 
 
                Figure 1b ξa + ψc < 0 
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               Figure 1c  ξa + ψc = 0 
 
 
Figure 1a, 1b, and 1c illustrate the proposition in two kinds of elasticity parameters σ1 
– 
1 – σ2 
– 1
. As is shown in the three Figures, the relative influences of skill-biased and 
capital-biased technical progress play significant roles for the consequence of wage 
inequality. We mainly focus on these consequences in the capital-skill 
complementarity.  
In case where the influence of skill -biased technical change relatively dominates 
(Fig. 1a), the wage inequality is likely to occur in σ2 > σ1 > 1 region and in some empirically 
relevant capital-skill complementarity (σ2 >1 > σ1). This is because in this case implying the 
impact of increasing effective skilled labor larger than that of decreasing effective 
capital, the unskilled wages definitely increase, but to increase skilled wages more, 
some substitutability is required. Therefore, in capital-skill complementarity area, 
skilled wages increase more in σ2 > σ1 > 1 region and in some empirically relevant 
capita-skill complementary region σ2 > 1 > σ1.  
However, in case where the influence of capital-biased technical change relatively 
dominates (Fig. 1b), the wage inequality solely occurs in σ2 > σ1 > 1. In relevant 
capital-skill complementary (σ2 >1 > σ1) where inequality (15) is not satisfied, thus the 
10 
 
wage inequality is mitigated in the sense that skilled wages more decrease than 
unskilled wage. The reason is that in this case implying the effect of decreasing 
effective capital larger than that of increasing effective skilled labor , the unskilled 
wages definitely decrease, and more substitutability is required to increase skilled 
wage.  
Moreover, in case where the influence of skill-biased technology is equal to that of 
capital-biased technology (Fig. 1c), the wage inequality also solely occurs in σ2 > σ1 > 
1. In relevant capital-skill complementary (σ2 >1 > σ1), since inequality (16) is not 
satisfied, the wage inequality is mitigated in the sense that skilled wages decrease but 
unskilled wages do not change. Therefore, in this case, more substitutability between 
capital and skilled labor is required to increase skilled wage.  
Note that in all three cases, wage inequality occurs in one CES production technology 
(σ2 = σ1 = σ) if σ > 1, and does not occur in Cobb-Douglass production technology (σ2 = σ1 = 
1).  
From these analyses, we make two remarks. First, in the long run, the case that the 
influence of skill-biased technical change relatively dominates (ξa + ψc > 0) is likely to 
take place with two reasons. The first reason is that the trend rate of total factor 
productivity in advanced countries has tended to be positive. The second reason is that 
this case can also include the case in balanced growth path represented by ξ = φ, ψ = 0. 
Thus, if this case is likely to occur, in the capital-skill complementarity that is not too 
strict complement between capital and skilled labor, skill-biased technical change can 
promote wage inequality. That implies that the rapidly enhanced newly technological 
progress such as advanced ITC and computerization etc. is likely to promote wage 
inequality. 
8
 
Second, however, to examine the causes of secular stagnation in recent advanced 
countries,
 9
 it is worth noting the case that the influence of capital-biased technology 
dominates. This biased technology case reflecting the decrease in capital efficient 
implies capital prices continue to decrease, so that despite mitigating wage inequality, 
it can produce the stagnation of total factor productivity and wage stagnation that both 
skilled and unskilled wages are likely to decrease without the exceptional case.   
Thus, if the newly technology such as ITC and computerization can also promote 
both types of technology, we should have careful multi-dimensional analyses to deal 
with such wage inequality and growth stagnation. 
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4. Capital mobility case 
Taking into account the endogenous capital mobility reflecting the globalization in the 
capital market, we consider overly the influence of technical change on wage 
inequality. Because the effect of globalization is also one of the main factors that play 
significant roles for wage inequality (Bliss (2007), Autor (2014), Bourguignon 
(2015)). Although the extended model is still simple, we can analyze the additional 
effects of technical change on wage inequality.  
Suppose that there is a globally unified competitive capital market. This implies that 
capital mobility can induce capital supply to become perfectly elastic and thereby the 
rate of return on capital r is given. In this simple setting, from ?̅? = FK (L1, L2, K; λ), the 
technical change influences on the demand for capital which determines the volume of capital. 
As a consequence, this endogenously determined capital can change wages and 
therefore, wage inequality. Specifically, from 0 = FKK dK + FK λ dλ, the additional induced 
effect of technical change on wages is expressed as (λ/wi)(∂wi /∂λ) = (Fi K /Fi )(FK λ λ/FK)/(– 
FKKK/FK). Thus, the total effect on each wage becomes (λ/wi)(dwi /dλ) = Fi λ/Fi + (FiKK/Fi )(FK λ 
λ/FK)/(– FKKK/FK), and consequently, the total effect of technical change on wage inequality is 
given by  
[λ/(w1/w2)][d(w1/w2)/dλ] = (F1λλ/F1 – F2λλ/F2) + (F1KK/F1 – F2KK/F2)(FK λ λ/FK)/(– FKKK/FK). 
(17) 
From this equation, we have the following proposition.  
 
Proposition 3. In the long-run competitive economy where each labor supply is 
constant but capital mobility perfectly occurs, the non-biased technical change (ξ = φ 
= ψ) can produce wage inequality in the capital-skill complementarity. 
 
This is because the non-biased technical change (ξ = φ = ψ) can produce an increase in 
capital (FK λ λ/FK = 1 > 0). Therefore, the wage inequality occurs in capital-skill 
complementarity implying F1KK/F1 > F2KK/F2. However, the total effect of biased technical 
change remains to be ambiguous. Here, we analyze it in our nested two-level CES 
production technology.  
Combining equations (12a),(12b),(12c) and (17) and rearranging, we have the 
following effects on each wage, and thereby the effect on wage inequality in the 
elasticity form, 
(λ/w1)(dw1 /dλ) = { –1/( FKKK/FK)}[ (ξa + ψc) (1 – b) 
– 1
 σ1 
– 1 
+ (ξ – ψ) bc (1 – b) – 1 σ2 
– 1
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– (ξ – φ) bσ1 
– 1 σ2 
– 1
],       (18)
 
(λ/w2)(dw2/dλ) = { –1/( FKKK/FK)}[ φa(1 – b) 
– 1
 σ1 
– 1  
+ {φb(1 – b) – 1 +ψ}c σ2 
– 1
 + (ξ – φ) aσ1 
– 1 σ2 
– 1
 ],         (19) 
[λ/(w1/w2)][d(w1/w2)/dλ] = { –1/( FKKK/FK)}[ {(ξ– φ)a + ψc} (1 – b) 
– 1
 σ1 
– 1 
 
+ {(ξ –φ)b – ψ}c(1 – b) – 1 σ2 
– 1 – (ξ – φ) (a + b) σ1 
– 1 σ2 
– 1
]  (20) 
As in the previous section, we examine the case that the unskilled-biased technology is 
null (φ = 0). From equations (18) (19) and (20), we have the following proposition 3. 
 
Proposition 4. In the long-run competitive economy where each labor supply is 
constant but the capital mobility perfectly occurs, with the weak separable three-factor 
production function (2), the following statement holds.  
1. In case where the influence of skill-biased technical change is larger than that of 
capital-biased technical change (ξa + ψc > 0), the technical change can lead to widening 
wage inequality in the sense that skilled wages increase more than unskilled wages if  
 (ξa + ψc) σ1 
– 1 
+ (ξb – ψ) c σ2 
– 1 – ξ (a + b) (1 – b) σ1 
– 1 σ2 
– 1
 > 0.        (21) 
 
2. In case where the influence of capital-biased technical change is larger than that of 
skill-biased technical change (ξa + ψc < 0), the technical change can lead to widening wage 
inequality in the sense that skilled wages increase but unskilled wages decrease if  
   (ξa + ψc) σ1 
– 1 
+ (ξ – ψ) bc σ2 
– 1
 – ξ b (1 – b) σ1 
– 1 σ2 
– 1
 > 0.            (22) 
 
3. In case where the influence of skill-biased technical change is equivalent to that of 
capital-biased technical change (ξa + ψc = 0), the technical change can lead to widening 
wage inequality in the sense that skilled wages increase but unskilled wages decrease if 
        σ1 > 1.                                                        (23) 
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             Figure 2a ξa + ψc > 0 (perfect capital mobility case) 
 
 
Figure 2b ξa + ψc < 0 (perfect capital mobility case) 
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       Figure 2c  ξa + ψc = 0 (perfect capital mobility case) 
 
 
Figures 2 show the proposition 3. Taking into account the additional effect of capital 
mobility, we find that the consequences of technical change on wage inequality are 
likely to be reinforced. For instance, in case where the influence of skill-biased 
technical change relatively dominates (Fig. 2a), the wage inequality more occurs in 
some relevant capital-skill complementarity (σ2 >1 > σ1) in the sense that the region that 
satisfies increasing wage inequality is enlarged in area σ2 > 1 > σ1. This is because in this case the 
technical change can increase the volume of capital. 
10
 Therefore, the induced increase in capital 
leads to increasing more wage inequality in capital-skill complementarity area σ2 > σ1 > 1 
and also in some relevant capital- skill complementarity area σ2 >1 > σ1. 
Conversely, in case where the influence of capital-biased technical progress 
                                                     
10
  From equation (12c), the effect of technical change on capital in the elasticity form is given 
by (λ/K)(dK/dλ) = { –1/( FKKK/FK)}FK λ λ/FK ={ –1/( FKKK/FK)}{ ψ – (ξ – ψ) a (1 – b) 
– 1
 σ1 
– 1 – 
(ξa + ψc)b(1 – b) – 1 σ2 
– 1
}. Therefore, we can illustrate the region satisfying dK /dλ > 0 in σ1 
– 
1 – σ2 
– 1 
space. Namely, in case where ξa + ψc > 0, there is the region satisfying dK/dλ > 0 in 
almost capital-skill complementarity area. However, in case where ξa + ψc < 0, there is the 
region satisfying dK/dλ < 0 in σ2 > σ1 > 1 area and also in some σ2 > 1 > σ1 area. In case 
where ξa + ψc = 0, dK/dλ > 0 applies simply if 1 > σ1.  
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relatively dominates (Fig. 2b), both wages decrease more and thereby wage inequality 
seldom occurs even in σ2 > σ1 > 1 because in almost capital-skill complementarity, this 
technical change induces capital to decrease. Therefore, although wage stagnation 
more occurs, wage inequality is more mitigated in σ2 >1 > σ1 and also in almost σ2 > σ1 
> 1. 
Finally, in case where the influence of skill-biased technology is equal to that of 
capital-biased technology (Fig. 2c), the consequences on wage inequality does not 
change. This is because the condition that decreases capital σ1 > 1 is coincidence with 
the condition that provides increasing wage inequality. Therefore, in relevant 
capital-skill complementarity σ2 >1 > σ1 that does not satisfy the condition, the technical 
change can provide increasing capital which decreases  wage inequality, and therefore 
wage inequality is overly mitigated.  
Note that in one CES case (σ2 = σ1 = σ) the capital mobility effect does not arise, so 
that wage inequality occurs if σ > 1 and does not occur in Cobb-Douglass production 
technology. 
We remark that our results confirm that the combination of newly arriving 
technologies coupled with the skill-biased technology and the capital-skill 
complementarity and globalization in capital market can promote widening wage 
inequality. In this sense, these consequences confirm Autor (2014) who suggests three forces 
producing earning inequality: technological change, de-unionization and globalization.  
However, our outcomes show the other types of biased technology, the 
capital-biased technology couple with the globalization in capital market can provide 
more wage stagnation. Therefore, if the newly technology such as ITC and 
computerization can also promote both types of technology in the induced global 
market, we should have careful multi-dimensional analyses to deal with such wage 
inequality and growth stagnation. 
 
 
5. The implication of induced innovation 
So far we have assumed the biased technologies are simply given. However, it is worth 
noting the case that the profit maximizing firms choose their technologies to maximize 
the current rate of cost reduction for given factor proportions. Here, we discuss the 
endogenous induced biased technology 
11
 and the implications on wage inequality 
with capita-skill complementarity. 
                                                     
11
  See Acemoglu (2003, 2010, 2015). See also Atkinson (2015). 
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For simplicity, we focus on the two augmenting technologies, the skill-augmenting 
technology Λ(α) ≡ (1 + α) Λ0 and the capital-augmenting technology Ψ (β) ≡ (1 + β) Ψ 0 
where their rates of technical changes α , β are given by the following innovation 
possibility frontier g (α, β, λ) = 0 which is rewritten as β = β(α, λ). Here, βα < 0, βαα < 
0, βλ > 0. λ represents a shift parameter of the innovation possibility curve and thus βλ > 
0 expresses the expansion of the innovation frontier. Then, the firms facing the 
innovation frontier is to maximize aα + c β (α, λ) with respect to α, where a is skilled 
labor share and c is capital share. Solving this maximization problem yields –βα (α, λ) = 
a/c which is explicitly shown as 
–βα(α, λ) =Λ(α)L1F1[Λ(α)L1,ΦL2, Ψ (β(α, λ))K]/ Ψ (β(α, λ))K FK[Λ(α)L1,ΦL2, Ψ (β(α, λ))K]. 
(24) 
Total differentiating this equation with and rearranging gives 
12
 
[βααα/βα – Λ’α/Λ(1 – bc12 – (1 – b)c1K) – Ψ’β/Ψ (1 – bc2K – (1 – b)c1K) βαα/β] dα/α 
＝– [βαλλ/βα+ Ψ’β/Ψ (1 + c cKK – cc1K) βλλ/β] dλ/λ,    (25) 
which, with dβ/β = βαα/β (dα/α)+ dλ/λ, can provide the following endogenous two 
biased elements in our specified three factor production technology,  
ξ* = {α/(1 + α)}[(λ/α)(dα/dλ)] 
     = (1/Δ) {λ/(1 + α)}[– βαλ/βα –{ βλ/(1 + β)}(1 – σ1 
– 1
)],                       (26) 
ψ* = {β/(1 + β)}[(λ/β)(dβ/dλ)] 
     = (1/Δ) {λ/(1 + β)}[– βαλ + βλβαα/βα + {βλ/(1 + α)}(1 – σ1
 – 1
)]                 (27) 
where Δ > 0 is satisfied with the second order condition of the maximization. 
    Δ = βαα/βα – {1/(1 + α) + βα/(1 + β)}(1 – σ1
 – 1
) > 0.                     (28) 
Hence, as long as βαλ > 0 and – βαλ + βλβαα/βα > 0 hold 
13
, we can have ξ* > 0 and ψ* < 0 if the 
elasticity of substitution between skilled labor and capital smaller than one σ1 < 1. Therefore, 
although it is still simple, our analysis reveals that the skill-biased and capital-biased technical 
change can occur in the capital-skill complementarity. Hence, depending on ξ*a + ψ*c ⋛ 0 
implying that the influence of skill-biased or capital-biased technology dominates, these biased 
technologies coupled with capital-skill complementarity can provide more wage inequality and 
more wage stagnation. 
 
 
                                                     
12
  In equation (25), from aci1  + bci2  + c ciK = 0 (i = 1, 2, K), we have 1 + a c11 – ac1K = 1 – bc12 
– (1 – b)c1K, 1 + c cKK – cc1K = 1 – bc2K – (1 – b) c1K.  
13
 These assumptions imply that the expansion effect dominates the substitution effect in the 
innovation frontier curve.  
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6. Concluding remarks 
Based on the long-run competitive model that reflects two types of biased technologies 
in a three-factor with two-level CES production function, we analyzed the effects of 
skill-biased technology and capital-biased technology on wage inequality. Our main 
results are as follows. In case where the influence of skill-biased technical change 
relatively dominates, wage inequality can occur with some empirically relevant 
capital-skill complementarity. However, in case where the influence of capital-biased 
technical change relatively dominates, wage stagnation occurs with some relevant 
capital-skill complementarity. Moreover, the endogenous capital mobility that reflects 
the globalization in capital market can occur, our main results are likely to be 
reinforced. Furthermore, these biased technology are likely to occur in capital -skill 
complementarity. However, to investigate the effect of induced biased technical on 
wage inequality and unemployment in the dynamic process, the three factor analysis of 
capital accumulation is needed. These issues are to be dealt with future research. 
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